SUMMARY
INTRODUCTION
Urinary incontinence (UI) is a common symptom in women, mostly occurring in the elderly (1) . Alterations in urinary bladder capacity, as well as urine storage and emptying functions may contribute to UI development. Childbirth, aging or other medical conditions may also impose detrimental effects against urinary continence. Pathophysiologic changes underlying stress urinary incontinence (SUI) has been previously investigated in several studies (2, 3) . In these studies, it was well documented that a sudden increase in intraabdominal and/or intravesical pressure, as well as decreased urethral sphincter tonus or bladder neck support leads to SUI. Among these factors, bladder neck hypermobility (BNH) is generally considered one of the most important determinants. Fascial weakness and increased elasticity of the surrounding tissues play an important role in BNH.
Diagnosing stress urinary incontinence depends mainly on patient history and findings from simple clinical maneuvers (4) . Although pad test, Q-tip test and stress tests are widely used for SUI investigation, they are time and labor consuming (4) (5) (6) . In this study, we aimed to assess the utility of elastosonography (ES), which is a non-invasive ultrasonographic technique for evaluation of suburethral tissue elasticity, in women with SUI.
MATERIALS AND METHODS

Patient Selection
The study was conducted between August 2012 and January 2013 at the radiology and obstetrics& gynecology departments of Giresun University Medical School Hospital, Giresun, Turkey. Scientific and ethical approval was received from the institutional review board. All participants gave written informed consent. Thirty consecutive women with diagnosis of SUI that was confirmed by positivity in either one of the stress, pad and Q tip tests were included in the study. All patients had at least one childbirth experience. The control group comprised 30 similar aged women with negative test results for SUI.
Clinical Tests for SUI
Pad test was used, is it is the gold standard diagnostic method in SUI. We also assessed SUI with stress test and Q-tip tests, to address BNH. Pad test: After emptying with a transurethral foley catheter, the bladder was filled with 300 cc of sterile saline. The catheter was then removed and the patient was directed to standing position after placement of a standard perineal pad. Following intra-abdominal pressure increasing exercises (coughing, bearing down, deep knee bending, jumping and walking), the pad weight was measured within an hour. The net weight of urine was calculated by subtraction of dry pad weight form the measured pad weight. Net urine weight greater than 2 gr was considered a positive test result for SUI. Q-tip test: A small lubricated cotton swab was 
Elastosonography (ES) technique
All participants in the SUI and control groups underwent ES at the radiology department. All ES examinations were performed by a single radiologist. Transvaginal sonographic imaging was undertaken with a 4-13 MHz linear probe (Esaote, MyLab60, Geneva, Italy), prior to emptying the bladder. The surrounding proximal suburethral tissue elasticity was evaluated in a standard manner. The strain ratio of the surrounding suburethral tissue to subcutaneous fatty tissue, suburethral tissue and urethra were measured in the axial plane. Real time tissue elasticity images with a color mapped translucent appearance overlapping the gray scale were obtained. Colors ranged from green to red, which represented relative elasticity degrees of the observed tissue. Red signal represented the tissues with low elasticity, whereas green signals indicated tissues with high elasticity. Distance of tissue movement after application of pressure was measured with ES. After the four to five compression-decompression cycles with an appropriate spring, we selected four region of interest (ROI) from the surrounding fatty tissue: suburethral tissue, proximal urethra and the subcutaneous fatty tissue. The green spring was a realtime feedback of correct performance of the strain image acquisition. The elasticity measurements were performed in several points of the surrounding suburethral tissue: under bladder (UB), the urethral tissue (U) and the softest area for the subcutaneous fatty tissue (SC) were selected in 3-5 mm distance.
The software automatically calculated the strain ratio between ROIs. Used strain ratio indices were; UB/SC, U/SC and UB/U.
Statistical Analysis
The statistical analyses were performed using the Statistic Package for Social Sciences (ver. 11.0; SPSS Inc., Chicago, IL). For group comparisons independent samples t test was used for continious variables while chi-square test was used compare categorical variables.
Correlation analysis was used to calculate degree of associations and linear regression analysis was used to determine adjusted associations. ROC was used to determine the predictive value of the tests. P value smaller than 0.05 was accepted as statistically significant. ES UB/U was negatively correlated with parity (r =-0.273, P=0.035). There was no correlation between the gravidity, parity, route of delivery and the stress, Q tip and pad tests (p < 0.05).
RESULTS
Mean
On ROC curve analysis, ES UB/SC (AUC=0.962, In linear regression analysis, stress test positivity was significantly associated with the ES UB/SC (R 2 =0.84, beta=0.369, p=0.026) and ES U/SC (R 2 =0.84, beta=0.496, p=0.003).
DISCUSSION
In this study, we aimed to assess the utility of a recently introduced sonographic technique in patients with SUI. We found that ES has diagnostic value in detecting BNH, and is a promising method for identifying patients that would benefit from bladder neck stabilization. It is well established that weakness in suburethral tissue support causes BNH, which may ultimately result in SUI. Although the degree of BNH can be assessed by several clinical methods, fullness of the bladder, patient position and catheterization may influence measurements (7) (8) (9) . Using these techniques, small variations in methodology may result in substantial differences in nulliparous women (10, 11) .
Measurement of bladder neck descent (BND) was previously reported to be a useful technique in SUI evaluation (12, 13) . In this technique, measurements of bladder neck position are performed at rest and during maximal Valsalva maneuver (14) . Pathogenesis of increased BND is generally considered multifactorial.
Vaginal delivery is probably the most significant determinant of BND in multiparas (15, 16) . Although the reproducibility of BND measurement was reported to be acceptable, there is still no consensus on "normal" values (17) . Mid-urethral mobility was also demonstrated to be an important etiologic factor for SUI (18) . Several studies claimed that preoperative assessment of midurethral mobility could predict the treatment success after bladder neck supporting surgical procedures (19, 20) .
From this point of view, we hypothesized that elastosonographic evaluation of suburethral tissue may provide important information regarding weakness and elasticity of tissue support under the urethrovesical angle. In our study, Q-tip test was used to determine degree of BNH. Strikingly, ES indices were significantly positive correlated with Q-tip results. Considering its pathophysiology, SUI accompanied by BNH is generally treated by surgical methods which are aimed towards stabilization and supporting of the bladder neck (21) .
In cases with SUI, ultrasonography (US) is generally used for postvoidal determination of residual volume, which may also contribute to development of SUI (4) .
Both bladder neck and segmental urethral mobility can be determined by sonography (22) . Urodynamic ultrasonography is a noninvasive imaging method for the investigation of urinary system function, however it is highly complicated to perform and to interpret.
Measurements are dependent on calculation of orthogonal system x, y coordinates. This technique is highly operator dependent and has significant intraobserver and interobserver variability. A recently published study claimed that visualization of periurethral structures by 3D endovaginal ultrasonography in midsagittal plane is not associated with stress urinary incontinence status (23) . In our study, we introduced a simple measurement method, which can be used by clinicians with average experience in ultrasonography.
Apart from its ease of application, we found that ES indices (UB/SC, UB/U and U/SC) were sensitive markers for SUI.
In summary, compared with the clinical tests current used in diagnosis of BNH, we believe that ES is easier to perform and is also more objective. Our study suggests that ES is a simple, fast and non-invasive imaging technique in the diagnosis of SUI (24) . Tissue The utility of elastosonography for assessing suburethral tissue elasticity in women with stress urinary incontinence
